We study the constraints on possible new physics contribution to the forwardbackward asymmetry of muons, A F B (q 2 ), in B → Kµ + µ − . New physics in the form of vector/axial-vector operators does not contribute to A F B (q 2 ) whereas new physics in the form of scalar/pseudoscalar operators can enhance A F B (q 2 ) only by a few per cent. However new physics the form of tensor operators can take the peak value of A F B (q 2 ) to as high as 40% near the high-q 2 end point. In addition, if both scalar/pseudoscalar and tensor operators are present, then A F B (q 2 ) can be more than 15% for the entire high-q 2 region q 2 > 15 GeV 2 . The observation of significant A F B would imply the presence of new physics tensor operators, whereas its q 2 -dependence could further indicate the presence of new scalar/pseudoscalar physics.
I. INTRODUCTION
Flavor changing neutral interactions (FCNI) are forbidden at the tree level in the standard model (SM). Therefore they have the potential to test higher order corrections to the SM and also constrain many of its possible extensions. Among all FCNI, rare B decays play an important role in searching new physics beyond the SM. The quark level FCNI b → sµ + µ − is responsible for (i) the inclusive semileptonic decay B → X s µ + µ − , (ii) the exclusive semileptonic decays B → (K, K * )µ + µ − , and (iii) the purely leptonic decay B s → µ + µ − . Both the inclusive and exclusive semileptonic decays have been observed experimentally [1, 2, 3, 4, 5, 6] with branching ratios close to their SM predictions [7, 8, 9, 10] .
In [11] , the impact of these measurement on the new physics contribution to the branching ratio B(B s → µ + µ − ) was considered. It was shown that new physics in the form of vector/axial-vector operators is severely constrained by the data on extended Higgs sector. In [12] , the constraints on scalar/pseudoscalar new physics contribution to the B(B → Kµ + µ − ) were studied. It was shown that a large deviation in B(B → Kµ + µ − ) from its SM prediction is not possible.
In [13] , the forward-backward (FB) asymmetry of leptons in semileptonic decays of mesons was introduced as an observable sensitive to the physics beyond the SM.
In particular, the FB asymmetry of muons, A F B , in B → Kµ + µ − is important because its value is negligibly small in the SM [14] . This is due to the fact that hadronic current for B → K transition does not have any axial vector contribution;
it can have a nonzero value only if it receives contribution from new physics. The sensitivity of A F B for testing non-standard Higgs sector has been studied in literature in detail [15, 16, 17, 18, 19] . However in [20] , it was shown that the present upper bound on the branching ratio of B s → µ + µ − [21] restricts the average (or integrated) FB asymmetry, A F B , to about 1% as long as the only new physics is in the form of scalar/pseudoscalar operators. Such a small FB asymmetry is very difficult to be measured in experiments and hence searching for new scalar/pseudoscalar physics through A F B will be a futile exercise.
The forward-backward asymmetry can also get contributions from tensor operators. In the SM, the tensor operators in b → sµ + µ − arise at higher order in the electroweak operator product expansion from finite external momenta in the matching calculations, however their contribution is negligibly small and we shall not consider them in this paper. However in models beyond the SM, tensor operators may contribute significantly to the decay and to the asymmetry A F B . For example, in the minimal supersymmetric standard model (MSSM), the tensor operators arise from photino and zino box diagrams at the leading order operator product expansion [22] . Tensor operators can also be induced by scalar operators under renormalization group running [23, 24] . In leptoquark models, tensor operators are induced by the interactions of leptoquarks with the SM Higgs field [25] .
In [22] , the effect of these operators to A F B was studied, where it was shown that A F B can be as high as 3% at 90% C.L. if new physics is only in the form of tensor operators, whereas it can rise to 15% if both scalar/pseudoscalar and tensor new physics operators are present. The integrated asymmetry A F B has been measured by BaBar [4] and Belle [26, 27] to be
A F B = (0.10 ± 0.14 ± 0.01) (Belle).
These measurements are consistent with zero. However, they can be as high as 
II. FORWARD-BACKWARD ASYMMETRY OF MUONS IN
We consider new physics in the form of scalar/pseudoscalar and tensor operators.
The effective Lagrangian for the quark level transition
where
Here P L,R = (1 ∓ γ 5 )/2 and q µ is the sum of 4-momenta of µ + and µ − . R S and R P are new physics scalar/pseudoscalar couplings whereas C T and C T E are new physics tensor couplings.
Within the SM, the Wilson coefficients in eq. (4) have the following values:
where the function Y (q 2 ) is given by [29, 30] 
Here we take the values of the relevant Wilson coefficients to be
all of which are computed at the scale µ = m b = 5 GeV. The function g is given by
with y i ≡ 4m
The normalized FB asymmetry is defined as
with z ≡ q 2 /m 2 B . In order to calculate the FB asymmetry, we first need to calculate the differential decay width. The decay amplitude for
is given by
Using the above matrix elements, the double differential decay widths can be calculated as
and θ is the angle between the momenta of K meson and µ − in the dilepton centre of mass frame. The parameters A, B, C, D, E, F, G are combinations of the Wilson coefficients and the form factors, given by
The kinematical variables in eq. (17) are bounded as
The form factors f +, 0, T can be calculated in the light cone QCD approach. Their z dependence is given by [14] f
where the parameters f (0), c 1 , c 2 and c 3 for each form factor are given in Table I . The FB asymmetry arises from the cos θ term in the last two lines of eq. (17).
We get
In our analysis we assume that there are no additional CP phases apart from the single Cabibbo-Kobayashi-Maskawa (CKM) phase. Under this assumption the new physics couplings are all real.
III. A F B FROM NEW SCALAR/PSEUDOSCALAR OPERATORS
If new physics is only in the form of scalar/pseudoscalar operators, then A F B (z)
is obtained by putting C T = C T E = 0 in eq. (12) . We get
Therefore in order to estimate A F B (z) we need to know the scalar/pseudoscalar couplings R S and R P . We constrain R S and R P through the decay B s → µ + µ − . The branching ratio
The present upper bound on B(
which is still more than an order of magnitude away from its SM prediction. Therefore we will neglect the SM contribution while obtaining constraints on the R S − R P parameter space. The allowed values of R S and R P at 2σ are shown in Fig. 1 . The input values of parameters, used throughout this paper, are given in Table II. The maximum value of A F B (z) is obtained for R P = 0 and R S = ±0.84. At these parameter values, A F B (z) is shown in Fig. 2 Table I whereas the green (dashed) and blue (dotted) curves correspond to their values at +2σ and −2σ respectively. In this scenario, all the curves overlap, indicating that the dependence on form factors is negligibly small.
IV. A F B FROM NEW TENSOR OPERATORS
If new physics is only in the form of tensor operators then A F B (z) is obtained by putting R S = R P = 0 in eq. (12) . We get
and b SM (z) is given already in eq. (28).
In order to estimate A F B (z), we need to know the tensor couplings C T and C T E .
In [35] , it was shown that the the most stringent bound on tensor couplings comes from the data on the branching ratio of the inclusive decay
Here
The limits of integration for z are now
as opposed to the ones given in eq. (20) for the exclusive decay. The normalization factor B 0 is given by
where the phase space factor f (m c = mc m b
), and the O(α s ) QCD correction factor κ(m c ) of b → ceν are given by [37] f (m c
Eq. (37) can be written as
The present world average for
We keep the same invariant mass cut, q 2 > 0.04 GeV 2 , in order to enable comparison with the experimental data. With this range of q 2 , the SM branching ratio for
whereas B 0 I T = (1.47 ± 0.22) × 10 −6 . Using equations (45), (48) and (49), we get
The allowed parameter space for C T , C T E at 2σ is shown in Fig. 3 .
The maximum value of A F B (z) is obtained for C T = 0 and C T E = ±0.69. For these parameter values, A F B (z) is shown in Fig. 4 for the central and ±2σ values of the form factors. In most of the z range, A F B (z) ∼ < 3%, however its peak value at the high-q 2 end point is ∼ 40%. Thus there can be a large deviation from the SM prediction in the high-q 2 region. Let R be the high-q 2 region, with q 0 < q 2 < q Table I whereas the green (dashed) and blue (dotted) curves correspond to their values at +2σ
and −2σ respectively. The dependence on the form factors is clearly extremely small.
where f R is the fraction of total number of B → Kµ + µ − events that lie in the region R. When R corresponds to the whole q 2 range available, then the expression
Taking R to be the region q 2 > 15 GeV 2 and the values of parameters as shown in Fig. 5 , we find that about 600 total B → Kµ + µ − events are required to observe FB asymmetry at 2σ. For q 2 > 19 GeV 2 , the required number of events for 2σ detection of A F B is about 1600. These numbers are easily obtainable at a Super-B factory as well as at the LHC, so the structure of the A F B (q 2 ) peak can be studied at these experiments.
VI. CONCLUSIONS
In the standard model, the forward-backward asymmetry A Table I whereas the green (dashed) and blue (dotted) curves correspond to their values at +2σ and −2σ respectively.
cannot contribute to A F B . However, new physics in the form of scalar/pseudoscalar or tensor operators can enhance A F B to per cent level or more, thus bringing it within the reach of the LHC or a Super-B factory. In this paper, we concentrate on the magnitude as well as q 2 dependence of A F B with these kinds of new physics.
We find that if new physics is in the form of scalar/pseudoscalar operators only, then the peak value of A F B (q 2 ) can only be ∼ < 2%, and hence rather challenging to detect. However if new physics is only in the form of tensor operators then the peak value of A F B (q 2 ) can be as high as 40%. Such a high enhancement is obtained only near the high-q 2 end point, i.e. for q 2 > 19 GeV 2 , below which A F B (q 2 ) ∼ < 5%.
In the presence of both scalar/pseudoscalar and tensor operators, the interference terms between them can boost A F B (q 2 ) to more than 15% for the whole region 
